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ABSTRACT 

Background:  The  U.S.  Department  of  Defense  (DoD) 
is  challenged  with  monitoring  and  protecting  the  health 
and  wellbeing  of  its  service  members.  The  growing 
number  of  women  on  active  duty  and  the  diverse  haz¬ 
ardous  exposures  associated  with  military  service 
make  reproductive  health  issues  a  special  concern  of 
DoD.  To  address  this  concern,  the  DoD  Birth  Defects 
Registry  was  established  at  the  DoD  Center  for  Deploy¬ 
ment  Health  Research  located  at  the  Naval  Health  Re¬ 
search  Center,  San  Diego,  California. 

Methods:  The  registry  captures  comprehensive  data 
on  healthcare  utilization  to  calculate  the  prevalence  of 
birth  defects  in  the  children  of  military  beneficiaries. 
Population-based  electronic  surveillance  is  supple¬ 
mented  by  active  case  validation  efforts. 

Results:  Since  its  establishment  in  1998,  the  registry 
has  captured  data  on  more  than  90,000  births  that 
occur  in  military  families  each  year.  Detailed  analyses, 
to  include  linking  registry  data  with  military  occupa¬ 
tional  exposure  data  (e.g.,  anthrax  vaccination),  are 
underway. 

Conclusions:  The  DoD  Birth  Defects  Registry  provides 
important  reproductive  health  information  on  the  geo¬ 
graphically  dispersed  military  population.  This  program 
is  expected  to  complement  civilian  public  health  pro¬ 
grams  and  be  especially  valuable  to  military  members 
and  their  families. 
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BACKGROUND 

Concern  about  the  reproductive  health  of  service 
members  and  their  families  is  consistent  with  the  U.S. 
military’s  concept  of  Force  Health  Protection  (US 
DoD, ’98).  Although  reproductive  health  issues  affect 
both  men  and  women,  the  growing  proportion  of 
women  in  the  military  (now  greater  than  14%  of  active 
duty  forces),  may  have  heightened  concerns  about  po¬ 
tential  hazards  associated  with  military  duty  (ASD/ 
FM,  ’99;  Fox  et  ah,  ’77). 


Public  health  efforts  to  address  reproductive  issues 
in  the  Department  of  Defense  (DoD)  are  similar  to 
efforts  in  the  civilian  sector.  The  military  may  have 
some  unique  concerns,  however,  related  to  severe  stres¬ 
sors  (Hansen  et  ah,  ’00)  and  the  wartime  deployment  of 
its  population.  Concerns  about  possible  teratogenic  ex¬ 
posures  were  first  considered  among  World  War  H 
veterans  involved  in  the  clean-up  activities  of  Hiro¬ 
shima  and  Nagasaki  (lOM,  ’95).  The  Vietnam  War 
experience  prompted  extensive  retrospective  research 
to  evaluate  associations  between  deployment  and  birth 
defects  in  the  children  of  military  members.  Most  of 
this  work  did  not  support  findings  of  paternal  repro¬ 
ductive  risk  (Aschengrau  and  Monson,’90;  Donovan  et 
ah,  ’94;  Erickson  et  ah,  ’84;  Wolfe  et  ah,  ’95),  but  a 
recent  evaluation  of  the  relatively  few  women  in  Viet¬ 
nam  did  reveal  an  association  between  maternal  war¬ 
time  service  and  delivering  children  with  birth  defects 
(Kang  et  ah,  ’00). 

The  U.S.  experience  in  the  Persian  Gulf  War  of  1991 
underscored  concerns  about  all  health  risks  of  deploy¬ 
ment,  and  reproductive  health  risks  in  particular 
(Briggs,  ’95).  Nearly  50,000  women  were  deployed  to 
the  Gulf  War,  and  their  health  needs  during  and  after 
deployment  have  not  differed  remarkably  from  those  of 
men  (Murphy  et  ah,  ’97).  Research  exploring  potential 
reproductive  problems  in  Gulf  War  veterans  has  not 
revealed  distinct  risks  associated  with  deployment 
(Araneta  et  ah,  ’97;  Araneta  et  ah,  ’00;  Cowen  et  ah, 
’97).  Because  of  concerns  about  the  special  threats  of 
warfare  exposures  in  the  Gulf  (Pour-Jafari,  ’94),  stud¬ 
ies  of  Gulf  War  veterans  are  expected  to  continue. 


This  program  is  supported  by  the  Department  of  Defense  Health 
Affairs  under  Work  Unit  Number  60002,  DoD  Center  for  Deployment 
Health  Research  Studies.  The  views  expressed  in  this  article  are  those 
of  the  authors  and  do  not  reflect  official  policy  of  the  Department  of 
the  Navy,  Department  of  Defense,  or  the  US  Government.  Approved 
for  public  release;  distribution  unlimited. 

This  program  is  being  conducted  in  compliance  with  all  applicable 
Federal  Regulations  governing  the  protection  of  human  subjects  in 
research. 

'^'Correspondence  to:  Margaret  A.  K.  Ryan,  MD,MPH,  Department  of 
Defense  Birth  Defects  Registry  Naval  Health  Research  Center  P.O. 
Box  85122  San  Diego,  CA.  E-mail:  ryan@nhrc.navy.mil 


Published  2001  WILEY-LISS,  INC.  ^This  article  is  a 
US  government  work  and,  as  such,  is  in  the  public  domain  in 
the  United  States  of  America. 


Report  Documentation  Page 

Form  Approved 

0MB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  0MB  control  number. 

1 .  REPORT  DATE  2.  REPORT  TYPE 

2001  N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

The  Department  of  Defense  Birth  Defects  Registry:  Overview  of  a  New 
Surveillance  System 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Department  of  Defense  Center  for  Deployment  Health  Research,  Naval 
Health  Research  Center,  San  Diego,  California  92186 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF:  17.  LIMITATION  OF 

18.  NUMBER  19a.  NAME  OF 

a.  REPORT  b.  ABSTRACT  c.  THIS  PAGE 

unclassified  unclassified  unclassified 

4 

Standard  Form  298  (Rev.  8-98} 

Prescribed  by  ANSI  Std  Z39-18 


DEPARTMENT  OF  DEFENSE  BIRTH  DEFECT  REGISTRY  S27 


DoD  public  health  professionals  have  recognized  the 
need  to  establish  prospective  studies  and  ongoing  sur¬ 
veillance  systems  to  better  address  the  inevitable 
health  concerns  of  future  deployments  (Goldberg,  ’92; 
Murphy  et  al.,  ’97).  Furthermore,  the  DoD’s  ability  to 
provide  reproductive  health  surveillance  may  be  valu¬ 
able  to  national  public  health  efforts.  Many  states  have 
established,  or  are  in  the  process  of  establishing,  reg¬ 
istries  to  monitor  birth  defects  prevalence  (NBDPN, 
’00).  Although  these  programs  may  collect  comprehen¬ 
sive  information  about  children  with  birth  defects, 
state  registries  often  cannot  access  data  on  military 
families.  The  development  of  a  DoD  birth  defects  reg¬ 
istry  that  can  link  to  valuable  data  on  exposures  of 
military  concern  is  well  justified. 

Establishment  of  the  DoD  birth  defects  registry 

The  Assistant  Secretary  of  Defense  for  Health  Af¬ 
fairs  directed  the  establishment  of  national  surveil¬ 
lance  for  birth  defects  among  DoD  families  on  Novem¬ 
ber  17,  1998  (ASD/HA,  ’98).  The  DoD  Center  for 
Deployment  Health  Research  at  the  Naval  Health  Re¬ 
search  Center  (NHRC)  in  San  Diego  was  given  the 
responsibility  of  managing  the  DoD  Birth  Defects  Reg¬ 
istry,  and  providing  systematic  surveillance  of  DoD 
beneficiary  births  and  calculations  of  birth  defects 
prevalence. 

Using  guidance  from  the  Centers  for  Disease  Control 
and  Prevention  and  the  California  Birth  Defects  Mon¬ 
itoring  Program,  professionals  at  NHRC  conducted  a 
successful  feasibility  study  of  the  registry  program 
(Bush  et  al.,  ’98).  They  demonstrated  that  electronic 
data  systems  could  be  used  to  completely  capture  all 
inpatient  and  outpatient  encounters  of  military  bene¬ 
ficiaries  and  that  new  births  and  birth  defects  diag¬ 
noses  were  thoroughly  represented  in  these  systems. 
NHRC  staff  also  established  an  active  system  to  iden¬ 
tify  and  validate  birth  defect  cases  at  one  of  the  DoD’s 
largest  medical  treatment  facilities,  the  Naval  Medical 
Center  in  San  Diego.  The  DoD  Birth  Defects  Registry 
established  the  following  surveillance  parameters.  The 
population  denominator  consists  of  all  live-born  infants 
financially  sponsored  by  DoD,  including  infants  born  at 
all  military  and  civilian  medical  facilities.  Birth  defects 
among  these  infants  are  identified  by  the  International 
Classification  of  Diseases,  9th  Revision,  Clinical  Mod¬ 
ification  (ICD-9-CM)  coding  of  records  from  all  inpa¬ 
tient  and  outpatient  encounters  in  the  first  year  of  life. 
ICD-9-CM  codes  included  in  surveillance  range  from 
740.0  through  760.71  and,  consistent  with  other  sur¬ 
veillance  programs  (NBDPN,  ’00),  the  prevalence  of  all 
birth  defects  in  45  major  malformation  categories  are 
calculated. 

Population  under  surveillance 

Preliminary  data  (Pershyn-Kisor  et  al.,  ’00)  reveal 
that  90,000  to  95,000  births  in  military  families  should 
be  expected  each  year.  To  be  DoD-sponsored,  at  least 
one  parent  must  be  a  DoD  healthcare  beneficiary,  such 
as  an  active  duty  military  member,  active  reservist. 


TABLE  1.  Distribution  of  military  births  (n  =  88,888) 
in  the  United  States  in  1999 


State* 

Number  of 
military  births 

Percentage  of 
military  births 

Alaska 

1,343 

1.5% 

Alabama 

1,097 

1.2% 

Arkansas 

548 

0.6% 

Arizona 

1,651 

1.9% 

California 

10,020 

11.3% 

Colorado 

2,137 

2.4% 

Connecticut 

506 

0.6% 

Delaware 

1,273 

1.4% 

Florida 

4,849 

5.5% 

Georgia 

3,922 

4.4% 

Hawaii 

2,651 

3.0% 

Illinois 

1,190 

1.3% 

Kansas 

1,361 

1.5% 

Kentucky 

2,531 

2.8% 

Louisiana 

1,526 

1.7% 

Maryland 

3,100 

3.5% 

Missouri 

855 

1.0% 

Mississippi 

1,099 

1.2% 

North  Carolina 

6,426 

7.2% 

North  Dakota 

505 

0.6% 

Nebraska 

631 

0.7% 

New  Jersey 

639 

0.7% 

New  Mexico 

834 

0.9% 

Nevada 

712 

0.8% 

New  York 

1,529 

1.7% 

Ohio 

974 

1.1% 

Oklahoma 

1,875 

2.1% 

Pennsylvania 

633 

0.7% 

South  Carolina 

1,645 

1.9% 

Texas 

8,267 

9.3% 

Utah 

504 

0.6% 

Virginia 

7,221 

8.1% 

Washington 

3,643 

4.1% 

Outside  of  U.S. 

6,891 

7.8% 

*Although  DoD-sponsored  births  were  reported  in  all  states, 
fewer  than  500  births  were  reported  in  each  of  the  District  of 
Columbia,  Iowa,  Idaho,  Indiana,  Massachusetts,  Maine, 
Michigan,  Minnesota,  Montana,  New  Hampshire,  Oregon, 
Rhode  Island,  South  Dakota,  Tennessee,  Vermont,  Wisconsin, 
West  Virginia,  and  Wyoming. 


military  retiree,  or  other  dependent.  Approximately 
39%  of  DoD  births  are  sponsored  by  the  Army;  25%,  by 
the  Air  Force;  24%,  by  the  Navy;  11%,  by  the  Marine 
Corps;  and  3%,  by  the  Coast  Guard  or  other  service. 

Although  the  percentage  of  women  in  the  military 
is  growing,  for  fewer  than  19%  of  DoD-sponsored 
births  is  the  mother  identified  as  an  active  duty 
military  member.  In  all  other  cases,  the  mother  is  the 
dependent  of  a  military  member  or  other  beneficiary. 
Average  maternal  age  is  26  years  and  ranges  from  14 
to  49  years.  Among  DoD-sponsored  births,  the  race  of 
the  military  parent  is  identified  as  Caucasian  (70%  of 
cases),  African  American  (20%),  Asian  (3%)  or  other 
(7%). 

DoD-sponsored  infants  are  born  in  all  50  states  and 
the  District  of  Columbia  (Table  1).  California,  Texas, 
and  Virginia  report  the  highest  number  of  military 
births,  with  more  than  7000  births  expected  in  each  of 
these  states  annually.  Nearly  8%  of  military  births 
take  place  outside  of  the  United  States.  In  1999,  DoD- 
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sponsored  infants  were  born  in  34  foreign  countries; 
2434  babies  were  born  in  Germany,  and  2086  babies 
were  born  in  Japan. 

Data  sources 

DoD  Birth  Defects  Registry  data  analysts  have  es¬ 
tablished  direct  access  to  very  large  databases  to  thor¬ 
oughly  capture  all  births  and  birth  defect  cases  in  mil¬ 
itary  families.  Hospitalizations  at  military  medical 
facilities  are  represented  in  the  Standard  Inpatient 
Data  Records  system,  with  up  to  eight  ICD-9-cm  coded 
discharge  diagnoses.  All  outpatient  encounters  at  DoD 
facilities  are  similarly  represented  in  the  Standard 
Ambulatory  Data  Records  system,  with  up  to  three 
ICD-9-cm  coded  diagnoses.  When  any  health  care  (in¬ 
patient  or  outpatient)  is  received  at  civilian  facilities 
and  financially  supported  by  DoD,  complete  records 
with  ICD-9-cm  coded  diagnoses  are  maintained  by  the 
DoD  Tricare  insurance  system.  Since  1998,  approxi¬ 
mately  60%  of  DoD-sponsored  births  have  occurred  at 
military  facilities,  and  40%  of  DoD  births  have  been 
represented  in  Tricare  data  as  occurring  at  civilian 
medical  centers. 

The  DoD’s  ability  to  capture  records  of  all  health¬ 
care  encounters,  both  inpatient  and  outpatient,  at  vir¬ 
tually  any  medical  facility  worldwide  is  analogous  to  a 
large  civilian  managed-care  organization.  The  DoD 
also  has  access  to  complete  demographic  and  service- 
related  information  about  active  duty  members.  Be¬ 
cause  all  health-care  data  are  coded  with  the  military 
member’s  Social  Security  number,  these  data  can  be 
easily  linked  to  Defense  Enrollment  Eligibility  Report¬ 
ing  System  and  the  Defense  Manpower  Data  Center. 
Such  data  can  provide  important  profiles  of  military 
parents,  including  deployment  and  occupational  expo¬ 
sure  histories  that  may  be  relevant  to  birth  defects 
research. 

Validation  methods 

Because  complete  inpatient  and  outpatient  data  are 
accessed,  DoD  Birth  Defects  Registry  analysts  have 
developed  complex  algorithms  to  identify  multiple  en¬ 
tries  for  the  same  diagnoses  in  the  same  infants.  The 
resulting  analytic  database  includes  one  entry  for  each 
child  born  to  a  military  member  in  any  given  surveil¬ 
lance  period  and  all  ICD-9-CM  coded  birth  defects  iden¬ 
tified  within  1  year  after  birth. 

To  assess  potential  under-reporting,  over-reporting, 
or  miscoding  in  the  electronic  surveillance  system,  ac¬ 
tive  case  finding  has  been  established  at  one  of  the 
largest  DoD  healthcare  facilities,  the  Naval  Medical 
Center  in  San  Diego.  DoD  Birth  Defects  Registry  staff 
review  hospital  and  clinic  logs,  and  contact  clinicians 
and  social  workers,  to  identify  newly  diagnosed  birth 
defects  cases.  Staff  also  review  the  full  inpatient  and 
outpatient  records  for  suspected  case-infants  and  their 
mothers.  Medical  center  data  are  compared  with  elec¬ 
tronic  surveillance  data  to  verify  the  presence  of  birth 
defects  and  the  ICD-9-CM  codes  used,  and  to  expand  on 


diagnoses  with  the  standardized  coding  used  by  other 
birth  defects  researchers  (CDC,  ’00). 

Because  active  case  validation  takes  place  at  only 
one  medical  center,  findings  are  used  to  comment  on 
data  obtained  from  the  electronic  surveillance  system, 
rather  than  to  directly  modify  the  prevalence  data  re¬ 
ported.  For  example,  among  all  abdominal  wall  defects 
recorded  in  the  DoD  Birth  Defects  Registry,  the  pro¬ 
portion  suspected  to  be  true  gastroschisis  cases  can  be 
estimated  from  the  active  surveillance  findings  in  San 
Diego.  The  methodology  of  this  surveillance  system  has 
been  previously  described  (Bush  et  ah,  ’99;  Pershyn- 
Kisor  et  al.,  ’00). 

Strengths  and  limitations 

The  DoD  Birth  Defects  Registry  is  a  well  resourced 
program  that  will  provide  timely,  population-based 
surveillance  on  birth  defects  prevalence.  The  system  is 
likely  to  compliment  existing  U.S.  surveillance  efforts. 
The  DoD’s  ability  to  access  large,  complete  databases 
on  all  health  care  provided  to  its  beneficiaries  is  a 
strength  found  in  few  managed-care  programs.  The 
somewhat  unique  ability  of  the  military  to  link  to  data 
on  the  occupational  exposures  of  its  members  is  poten¬ 
tially  an  even  greater  asset  in  the  study  of  birth  defects 
(Polednak  and  Janerich,  ’83;  Selevan  et  al,  ’86). 

As  with  most  other  birth  defects  registries  (Holtz- 
man  and  Khoury,  ’86;  Kallen,  ’89),  the  DoD  system 
cannot  capture  data  on  pregnancy  terminations,  mis¬ 
carriages,  or  stillbirths.  Other  limitations  associated 
with  the  DoD  registry  include  its  reliance  on  ICD-9-CM 
coding  for  diagnosing  birth  defects.  The  active  case 
validation  efforts  in  San  Diego  can  only  partially  mit¬ 
igate  this  challenge.  Additional  limitations  may  be  re¬ 
lated  to  the  dynamics  of  the  changing  military  popula¬ 
tion.  Eligibility  for  DoD  care  at  birth  may  not 
correspond  to  eligibility  at  the  time  of  conception  and 
pregnancy.  Some  children  conceived  before  a  parent’s 
active  duty  service  may  be  represented  in  the  registry; 
some  children  conceived  on  active  duty  may  be  born 
outside  of  the  DoD  system  if  a  member  leaves  the 
service  or  uses  an  alternative  insurance  system. 

Other  reproductive  health  research  in  DoD 

Before  establishment  of  the  DoD  Birth  Defects  Reg¬ 
istry,  researchers  retrospectively  addressed  concerns 
that  deployment  to  the  Persian  Gulf  War  was  associ¬ 
ated  with  subsequent  birth  defects  in  the  children  of 
service  members.  Leading  studies  used  DoD  hospital¬ 
ization  data  (Cowen  et  al.,  ’97;  Araneta  et  al.,  ’97)  and 
data  obtained  from  state  birth  defects  registries  (Ara¬ 
neta  et  al.,  ’00).  Although  statistically  significant  asso¬ 
ciations  between  Gulf  War  deployment  and  birth  de¬ 
fects  were  not  established,  this  work  underscored  the 
need  for  a  complete  surveillance  system,  like  the  Birth 
Defects  Registry,  to  be  in  place  before  major  deploy¬ 
ments  occur. 

The  first  study  to  directly  use  data  from  the  DoD 
Birth  Defects  Registry  recently  was  initiated  at  the 
DoD  Center  for  Deployment  Health  Research  in  San 
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Diego.  Researchers  who  have  already  reported  on  ad¬ 
verse  events  related  to  use  of  anthrax  vaccine  (Sato  et 
al.,  ’00b)  will  now  explore  possible  long-term  conse¬ 
quences  of  vaccination.  An  important  part  of  this  work 
will  be  linking  military  service  records  and  vaccine 
records  to  birth  defects  data.  The  study  will  address  the 
concerns  of  many  service  members  who  fear  anthrax 
vaccination  because  of  uncertainty  about  its  potential 
as  a  reproductive  health  hazard. 

Recognizing  that  birth  defects  may  be  only  one  man¬ 
ifestation  of  reproductive  hazards,  the  DoD  has  spon¬ 
sored  other  research  on  reproductive  health  issues  in 
the  military.  The  DoD  Center  for  Deployment  Health 
Research  has  surveyed  Persian  Gulf  War-era  veterans 
to  address  concerns  that  deployment  may  have  been 
associated  with  miscarriage,  stillbirth,  ectopic  preg¬ 
nancy,  and  infertility  (Sato  et  al.,  ’00).  In  the  future, 
DoD  researchers  will  prospectively  collect  survey- 
based  and  objective  evidence  of  all  health  and  repro¬ 
ductive  challenges  among  a  large  cohort  of  military 
members  followed  over  more  than  20  years  (Gray  et  al., 
’00).  Efforts  like  these,  complemented  by  the  DoD  Birth 
Defects  Registry,  will  better  define  the  spectrum  of 
reproductive  health  issues  associated  with  military 
service. 

CONCLUSION 

Monitoring  for  birth  defects  is  essential  to  and  con¬ 
sistent  with  the  military’s  mission  to  provide  the  best 
health  care  for  its  members  and  supplements  national 
goals  for  increased  birth  defects  surveillance.  The  es¬ 
tablishment  of  the  DoD  Birth  Defects  Registry  will 
provide  important  data  to  help  protect  the  reproductive 
health  of  service  members  and  their  families.  The  DoD 
is  uniquely  positioned  to  collect  comprehensive  health¬ 
care  data  and  to  assess  occupational  and  environmen¬ 
tal  exposures  in  a  geographically  diverse  population. 
DoD  Birth  Defects  Registry  information,  along  with 
data  from  other  DoD  research,  will  be  vital  for  future 
public  health  studies,  prevention  efforts,  and  health 
policy  decisions. 
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